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Rising Tides
A Guide to Sea Level Rise 
and the Coastal Organisms It Will Affect
The level of the sea is always rising or falling. For the past century, it has been on the rise, and in 
recent years, the rate of sea level rise has been increasing. This rise has the potential to negatively 
impact our lives and the survival of many coastal plants and animals. Scientists know sea levels 
are changing from looking at tide gauges around the United States and comparing yearly averages. 
Tide gauges record how high and low the water reaches each tidal cycle. Depending on where you 
live, there will be one or two tidal cycles each day. 
Our oldest records are from tide gauges that have been monitored for over 150 years. In the Gulf 
of Mexico, NOAA (National Oceanic and Atmospheric Administration) has over 20 stations that 
monitor sea level changes.
If you combine and average the data from all the tide gauges and assume that sea level rise will 
continue at the same rate it is happening now, then you can expect a 3.1 millimeter (0.12 inch) 
rise every year in the Gulf of Mexico. In 10 years, this will equal 3.1 centimeters (1.2 inches). By 
the year 2050, this would equal a rise of 11.5 centimeters (4.5 inches). Most scientists expect that 
this rate of sea level rise will increase in the coming years. Since it is difficult to predict exactly 
what will happen in the future, a range is given instead of a precise number. The range most 
scientists want people to plan for is 1 to 3 meters (3 to 9 feet) by 2100.
There are many human-built structures that will be impacted when land becomes submerged 
by sea level rise. Docks, boardwalks, and sea walls will be lost first. There are low-lying places in 
America, such as New Orleans and the Florida Keys, where many of the buildings will be flooded 
so often, they won’t be habitable. Around the globe, there are island cities and countries that will 
also be impacted. Venice, a city in Italy, stands at 0 meters (0 feet) above sea level. The highest 
point on the islands that make up the Maldives (located in the Indian Ocean) stands at 2.4 meters 
(7 feet, 10 inches) above sea level. In both these communities and ones like them around the 
world, everyone will have to evacuate if sea level continues to rise.
The Gulf 
coast with 
NOAA 
sea level 
monitoring 
stations 
marked by 
yellow dots 
Much has already been written about how humans will be impacted by sea level rise. 
The goal of this book is to provide you with information on how some of our most 
important coastal species will be impacted. Here, we focus on three environmentally 
important species.
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Hello! My name is Ollie and I’m an 
Eastern Oyster. 
You can find me and thousands of 
oysters like me in estuaries, bays, 
and tidal creeks along the Gulf of 
Mexico and Atlantic coast of North 
America. Adult oysters are oval or 
pear-shaped and our shells are grayish-
white with some pink or purple stripes. A 
very strong adductor muscle connects our two 
shells at the hinge. This muscle closes our shells tightly 
together when we feel threatened. Once the coast is clear, we open our shells in order to filter 
feed. To do this, we suck in water over our gills and extract algae and tiny food particles. We 
then spit the “cleaned” water back out. One oyster is capable of filtering 189 liters (50 gallons) 
of water in a single day. That’s an animal the size of the palm of your hand filtering enough 
water to fill up a bathtub each day. Incredible!  
We begin 
our life-
cycle when 
the waters 
warm up 
in spring. 
We are 
known as 
broadcast 
spawners because we release thousands of 
eggs and sperm into the water column.
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 If fertilized, the oyster larva feeds, 
grows and develops in the water 
column for about three 
weeks until it develops 
a “foot”. At this point 
the larva is barely 
visible to the naked eye.
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Chemical cues released 
from other oysters signal 
to the larvae that their shells are 
a good place to attach. This is a 
great system because newly settled 
oysters, called spat, have a good 
chance of 
surviving in 
areas where 
there are 
lots of other 
oysters.
3
Once attached, we radically 
change what we look like 
from a swimming shape to a sessile (non-
moving) shape that will never move again 
during our lifetime. This change is called 
metamorphosis. Since we prefer to attach to 
adult oysters, over many years we create an oyster 
reef. Reefs are composed of layers of dead shells with 
a layer of live oysters on top.
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The Foot
Eggs
Sperm
Scientific name: Crassostrea virginica
We oysters are considered a keystone species because of how important we are to the 
environment. As I mentioned, we’re able to filter a lot of water and make it cleaner for other 
plants and animals. Our reefs create shelter and food for hundreds of mobile animals such 
as shrimp, clams, mussels and flatworms. We also provide a solid base for other organisms, 
like barnacles, to attach. Like our marshgrass friends, Marshall and Marsha, we stabilize the 
shoreline, which allows other plants and animals to settle and grow. And last, but not least, we 
protect the shoreline from erosion caused by wind and boat wakes.
Some oysters live in subtidal waters (underwater all of the time) and some live in intertidal 
waters (underwater during high tide and out of water during low tide). In both environments, 
changes in sea levels will result in changes in sediment loads (how much sediment they will 
have to deal with) and how salty the water in the estuary will be. Intertidal oysters will also be 
affected by sea level rise because they will be submerged for a longer amount of time each tidal 
cycle. Intertidal oysters will have to deal with more subtidal predators, like blue crabs, and a 
greater number of sessile species competing for attachment space on adult oyster shells. 
Unscramble these word jumbles, 
one letter for each square, to 
name five types of animals that 
benefit from oyster reefs. 
PSRMIH
LEBU	 RCAB RHDA	 ACML
TWMSAFOLR
ERBIBD	 SUMLES
Fun Fact:
Oysters contain both sperm and eggs 
and can change sex multiple times 
during their lives!
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Hi! I’m Marshall, and this is my clone Marsha!  
We are a type of  marshgrass called smooth 
cordgrass, and we’re really important in 
coastal marshes!
We are found bordering coastal 
marshes from Newfoundland in the 
north to central Florida in the south, 
and throughout the Gulf of Mexico 
from the Panhandle region of 
Florida to Texas. 
We produce small, white flowers 
that turn into seeds each fall, 
but primarily we spread by our 
rhizomes. A rhizome is a runner 
that is found underground from 
which new shoots and roots 
emerge. Rhizomes from individual 
plants can grow for years and years, 
infinitely increasing in size. Soft 
stems emerge from the rhizome 
and from those stems, the leaf blades 
are produced. Our leaf blades reach 
a length of 30 to 50 centimeters (12 to 
20 inches), and we can reach an overall 
height of up to 2.1 meters (7 feet) tall! If 
you are lucky, you will see us and our marsh 
grass friends extending for miles and miles 
along the shoreline when you visit the coast. 
We help absorb wave energy, which prevents storm damage from occurring further inland. As 
we grow along the water’s edge in the intertidal zone, we also collect sediment to maintain 
and build up our shoreline. As the sediment accumulates, it not only creates a stable shoreline, 
but it also provides a place for species like ribbed mussels and oysters to settle and grow. Our 
shoots and rhizomes also provide shelter and food for a number of species of birds, mammals, 
fishes, fiddler crabs, and less obvious organisms, like brittle stars and tube worms. 
Fun Fact: 
We are considered Halophytes.
 Halo- is the Greek word for salt, 
-phyte is the Greek word for plant. 
RHIZOME
Scientific name: Spartina alterniflora
ROOTS
If we spend too much time completely or mostly underwater, then we are less successful at 
photosynthesis (how plants make their own food from sunlight) and the sediment around our 
roots is more likely to wash away, making it impossible for us to stand tall. Hence, scientists 
are very concerned about our survival as sea levels begin to rise. They are busy running 
experiments to determine how much time we can handle being submerged underwater. While 
it is true that our rhizomes can grow and extend into shallower waters, with rising tides, all 
too soon in many places we will hit hard structures like sea walls, homes, or roads and not be 
able to continue to spread. What will we do then?
S W R T H S A R J O P H I Y H
F S B U M A R S H A P K S K A
I G A X S A W Q Z C V B I B L
N F M R C H O R B N U P S K O
T M V P G H Y R V G I J E B P
A E K L B D J C A Q W X H A H
J G I N T E R T I D A L T M Y
A M H E Q M T O E C V X N I T
Q A K D J I P Y C T F G Y C E
W R I G R H J L V H X T S Q M
L S O Y N F O T O M T J O E X
L H P U I N U X I S D O T R T
H A L K E M O Z I H R C O D E
S L Q O T Y X W R G I O H M P
L L A H R D G K P L N M P C S
Find these words that are associated with Spartina alterniflora:
MARSHA     MARSHALL     CLONE     HALOPHYTE
SMOOTH CORDGRASS     RHIZOME     INTERTIDAL     PHOTOSYNTHESIS
Fun Fact: 
If you take a close look at our
 leaves, you can often see crystals 
of salt on them.
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Fun Fact: 
We get the name Loggerhead 
because of our large heads.
 Some thought our heads were 
as big as logs!
Hi! My name is Lottie and I’m a 
female loggerhead sea turtle.
Loggerheads, like me, are 
endangered and can be found 
throughout the world in 
subtropical and tropical ocean 
waters. That means we don’t 
travel too far south or north of the 
equator because we like to stick 
to warmer waters. We consider 
ourselves to be extremely beautiful 
animals. Our shells are composed 
of two parts, a carapace (the top part 
of the shell) and a plastron (the bottom 
part of the shell). Our carapace is colored 
reddish-brown and our plastron is light 
yellow. The carapace of an adult loggerhead is on 
average 1 meter (3 feet) long. We loggerheads range 
in weight from 77 to 227 kilograms (170 to 500 pounds), 
but the average is around 113 kilograms (250 pounds). That means 
we weigh about the same as an adult female tiger. Despite our large size, we’re actually not 
the largest marine turtle! Leatherback sea turtles have that honor, weighing as much as 900 
kilograms (2,000 pounds). 
We loggerheads are the most common species of sea turtle in the southeastern United States. 
In fact, the east coast of Florida and the coast of Oman (in the Middle East) are the two most 
important places for us to nest on the planet. Female loggerheads reach maturity between the 
ages of 17 and 35. After becoming moms, female loggerheads will mate and nest every 2 to 3 years. 
The nesting season in the southeastern United States starts in April and ends in September each 
year. During this time, we females will crawl up onto the beach, clear away the dry sand and then 
dig an egg chamber with our rear flippers. This is really hard work for us since we are designed 
to swim, not crawl. Hence, you can hear us grunting a lot during the process. We will then lay 
between 50 and 200 eggs the size of golf balls and cover the eggs back up with sand. The whole 
process takes on average 2 hours to complete. Phew! After 2 months of incubating, my hatchlings 
will dig their way up through the sand and make their way to the ocean and the life-cycle of my 
species will continue.
Fun Fact: 
When resting, we can stay 
under water for 2 hours!
Scientific name: Caretta caretta
As a female loggerhead, it is instinctive for me to always return to the same area to nest each 
time. In fact, I really like to return to the same exact beach year after year. In the Gulf of Mexico, 
my friends and I nest on beaches on offshore, sandy barrier islands. Unfortunately, these islands 
are only a few centimeters to meters above sea level. If the sea level rises too much, these barrier 
islands will be submerged permanently and we will not be able to use them for nesting. What is 
a female loggerhead like me to do when my nesting beach no longer exists?
Fun Fact: 
Whether a Loggerhead is a boy or girl
depends on the temperature of the egg while it’s
 developing. If the egg is 32oC (90oF) or hotter, it’s 
a girl! If the egg is 28oC (82oF) or cooler, it’s a boy! 
Any temperature in between will result in 
a mixture of boy and girl turtles.  
Fun Fact:
Loggerheads are carnivores. 
This means we mainly eat 
other animals. Our favorite 
foods are jellyfish  
and crustaceans.
Help Lottie find her way to the perfect nesting spot. 
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Scientists are deeply concerned with what the future holds for coastal species as the sea level 
continues to rise. The following are examples of the research currenlty underway.
Dr. Scott Hagen, a Professor of Civil 
Engineering at the University of 
Central Florida, along with many of 
his colleagues and students, are 
creating dynamic models of how and 
where specific levels of sea rise will 
impact areas in the Gulf of Mexico 
that are currently inhabited by oysters, 
marshgrass and nesting turtles. 
Traditional sea level rise models use a 
bathtub approach, simply raising the 
water level of the ocean. Dynamic 
modeling, alternatively, also accounts 
for the way in which water flows from 
tides and hurricane storm surges 
through inlets, along shorelines and 
over complicated topography. This work is paired with marsh, oyster and sea turtle models to study 
their responses to sea level rise.
Dr. James Morris, a Professor at the 
University of South Carolina, has been 
conducting research on sea level rise 
impacts on marsh plants for over a 
decade. The field part of his research 
involves devices known as marsh organs. 
Marsh organs are placed in intertidal 
marshes as you see here, and then 
marshgrass is planted in them at heights 
ranging from complete submergence 
to being almost entirely out of water 
at high tide. Dr. Morris and his team 
study how well the plants grow (above-
ground shoots+blades and below-ground 
roots+rhizomes) at these different 
levels of inundation (time submerged). 
Dr. Morris uses this data in a model he 
created called, “The Marsh Equilibrium Model” that predicts what will happen to this important plant 
in the coming years if the sea level continues to rise.
A team of academic, state and federal 
agency researchers led by Dr. Betsy 
VonHolle, University of Central Florida, 
are using historic sea turtle nesting data 
to determine what coastal areas will be 
best suited for future sea turtle nesting 
based on sea level rise predictions. 
Since some beaches will be impacted 
more than others, this project will help 
determine which beaches sea turtles 
should nest on in the future and identify 
those areas most in need of protection. 
A female loggerhead returns to the sea after nesting on 
the east coast of central Florida.
Dr. Reed Noss, Dr. Joshua Reece and 
colleagues at the University of Central 
Florida, in collaboration with researchers at 
Florida State University and the University 
of Florida, are evaluating the impacts of 
sea level rise – in combination with climate 
change and increasing urbanization – on 
more than 1000 species of plants and 
animals in Florida. The project is identifying 
the most vulnerable species and natural 
communities and evaluating adaptation 
options in terms of their potential to reduce 
impacts. The information generated by this 
project will help decision-makers and land-
managers conserve Florida’s biodiversity in 
the face of extreme environmental change.
Dr. Linda Walters is a Professor of Biology 
at the University of Central Florida in 
Orlando, Florida. She is deploying oyster 
ladders in estuaries throughout the 
southeastern United States to study how 
well intertidal oysters do when submerged 
for different lengths of time each day. 
The bottom layer of oysters is positioned 
to be underwater 95% of the time, while 
the top layer will be out of water 95% of 
the time. These ladders can be found in 
NOAA’s Grand Bay National Estuarine 
Research Reserve (NERR), Apalachicola 
Bay NERR, and in Mosquito Lagoon in 
Canaveral National Seashore, which is 
along the east coast of Central Florida. As 
with the marsh organs, the data collected 
from these ladders will be used to create a 
model that will give us information as to what will happen to this keystone species as sea level rises.
The Big Pine Partridge Pea is one of many species of plants only 
found in the Florida Keys that is threatened by sea-level rise. 
10
Topography -
the surface features of a 
place or region.
Endangered -
a species whose continued existence 
is threatened, usually as a result of human 
activities. 
Incubate -
 to maintain under conditions good for 
development. 
Erode -
to wear away by the action of water, 
wind, or glacial ice.
Crustaceans - any of a large 
class of mostly water-dwelling 
invertebrates with an external 
skeleton and jointed legs. 
Examples: crabs, shrimp, and 
barnacles. 
Water Column - the 
conceptual area from the 
water’s surface to the bottom 
sediment. 
Sediment - material (such as 
stones and sand) deposited by 
water, wind, or glaciers.
Water Column
Crustaceans
Sediment
Intertidal - above water 
at low tide and underwater 
at high tide. 
Intertidal Subtidal
Subtidal - always 
underwater. 
Supratidal - always 
above water. 
Supratidal
Clone -
a group of organisms or cells produced 
asexually from an ancestor to which they 
are genetically identical.
Answers to scramble on page 4 : Flatworms, Blue Crabs, Hard Clam, Ribbed Mussel, Shrimp
Answer to Joke on page 4 : He was - Shellfish. 
Harold the Great Blue Heron here, encouraging you to 
continue your education online by checking out these 
awesome websites! 
To learn more about sea turtles like Lottie, visit:
http://www.nmfs.noaa.gov/pr/species/turtles/
http://www.seaturtle.org/
To learn more about sea level rise, visit: 
http://www.floridaoceanscouncil.org/reports/
http://tidesandcurrents.noaa.gov/sltrends/index.shtml
To learn more about ways to make a difference in your community, visit: 
http://epa.gov/climatechange/kids/impacts/signs/sea-level.html
http://ocean.nationalgeographic.com/ocean/critical-issues-sea-level-rise/
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To learn more about marshgrass like Marhsall and Marsha, visit:  
http://plants.ifas.ufl.edu/node/432
http://tampabaywatch.org/index.cfm?fuseaction=content.home&pageID=23
To learn more about oysters like Ollie, vist: 
http://www.chesapeakebay.net/fieldguide/critter/eastern_oyster
http://score.dnr.sc.gov/deep.php?subject=2&topic=15
Most of the produce in your local grocery store isn’t locally 
grown, and the further away it comes from, the more 
pollution is produced. Encourage your parents to buy 
produce that is in season from your local farmers market. 
You can also find local produce from the grocery store, just 
check the labels! 
Plant a tree native to your area! Not only do trees absorb 
carbon dioxide (CO2), when they get big enough, they can 
also shade your house and help keep it cool during the 
summer. 
If you live close enough to school, ask your parents to map out a 
safe route so that you can walk, skateboard, or ride your bike. If 
you don’t live close enough or there is no safe route, take the bus 
or ask your parents or your friends’ parents to start a carpool 
for you and your friends. That way you can all ride to school 
together, reduce excess emissions and save money all at once!
Just because you’re not using them doesn’t mean they aren’t 
using energy. Leaving things like cell phone chargers, 
power cords, and small appliances plugged into an outlet 
when they are not in use still uses power and wastes 
energy. Make sure you unplug them after you are 
done with them. 
Save water – Encourage your parents to switch to using 
cold water when doing the laundry and only when there’s 
a full load. Taking shorter showers and turning off the 
faucet while brushing your teeth are also great ways to 
lower your impact. 
The old standby – Reduce, Reuse, Recycle. You’ve heard 
it countless times but that doesn’t mean it’s any less 
important. Reducing your waste, reusing what you 
can, and recycling as much as possible is the easiest 
way to do your part.
Volunteer
Get involved! From sharing the tips you just learned about with 
friends and family to spending the day restoring a shoreline, 
there are plenty of ways to support the goals of organizations 
that are making strides to protect our environments. 
Thank You!
This book was published as part of a grant entitled “EESLR: Integrated Modeling for the 
Assessment of Ecological Impacts of Sea Level Rise” (NOAA Award # NA10NOS4780146). 
The purpose of this book is to engage the public in the impact of sea level rise on coastal 
species. We’d like to thank the NERR program and University of Central Florida (UCF) for 
their resources and support. We’d also like to thank A. Alden, S. Baker, A. Bard, A. Birch, 
R. Brockmeyer, S. Caffery, D. Campbell, D. DeLorme, M. Donnelly, H. Greening, S. Hagen, 
D. Hanisak, S. Hodgson, D. Jones, M. Lamb, J. Morris, L. Morris, K. Poole, R. Poole, J. Reece, 
T. Riedel, J. Sacks, P. Sacks, J. Scarpa, M. Sedlecky, J. Solomon, R. Tucker, R. Virnstein, B. 
VonHolle, J. Wanat and P. Yespelkis for reviewing this book for content and readability. 
And finally, thank you readers for taking an interest in sea level rise issues! Uh Oh!
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A lot has been written about how humans will be impacted by sea level 
rise, but there are many species of animals and plants that will also 
be affected. Lottie the Loggerhead Sea Turtle, Marshall and Marsha 
Marshgrass, and Ollie the Eastern Oyster are here to tell their stories. 
You’ll learn all about their life-cycles, the important roles they play in 
their environment, and what the future may hold for them. 
So pick up this book, and get to know your coastline! 
Dr. Linda Walters is a Professor of Biology at the University of 
Central Florida, where she has been on the faculty for 15 years. 
Dr. Walters has a BS in Biology from Bates College, and her 
MS and PhD, also in Biology, are from the University of South 
Carolina. Her research is focused on the conservation of many 
important marine organisms. She has lived underwater in NOAA’s 
Aquarius Underwater Habitat studying corals and seaweed. She has 
investigated marine invasive species – seaweeds, mussels, sea squirts 
and barnacles; and she has developed a community-based oyster reef 
restoration program that has included over 30,000 volunteers. Dr. 
Walters and her students are currently examining sea level rise impacts on oysters. To date, Dr. 
Walters has collaborated with preK-12 educators to create three story books, with a fourth book 
underway. This is her first science-based activity book.
Sydney Katz is the graphic designer and co-author of this book. 
She graduated from the University of Central Florida with a 
Bachelor of Science degree in Biology in 2012. She is currently 
working for the UCF Biology Department creating educational 
outreach materials to promote environmental awareness. 
When not working, she volunteers with The Literacy Alliance, 
a non-profit organization that promotes reading in the 
community. This is Sydney’s first published work.  
